Abstract We attempted to ascertain the effects of polyunsaturated fatty acids by conducting two studies in normal young men, in which monounsaturated fats were replaced by polyunsaturated fats within the guidelines of the American Heart Association step 1 diet. Study A employed a randomized parallel design in which subjects first consumed an average American diet (AAD) containing 37% of calories as fat (saturated fat, 16% calories; monounsaturated fat, 14% calories; and polyunsaturated fat, 7% calories). After 3 weeks, one third of the subjects continued with the AAD, one third switched to a step 1 diet in which total fat calories were reduced to 30% by replacing saturated fat with carbohydrate, and one third switched to a polyunsaturated fat-enriched (Poly) diet with the same 30% fat calories and a reduction of monounsaturated fat from 14% to 8% and an increase of polyunsaturated fat from 7% to 13% of calories. The randomized period lasted 6 weeks. Total and low-density lipoprotein (LDL) cholesterol levels on the step 1 and Poly diets were reduced compared with levels on the AAD (P<.001). Total and LDL cholesterol did not differ between the step 1 and Poly diets, although comparison between the two diets is limited by the small study groups. Serum apolipoprotein (apo) B levels R eduction of dietary intake of saturated fatty acids appears to be the key to reducing plasma total and low-density lipoprotein (LDL) cholesterol (LDL-C) levels, 13 and low-saturated fat diets are the cornerstone of the American Heart Association (AHA)-National Cholesterol Education Program (NCEP) dietary guidelines.
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Abstract We attempted to ascertain the effects of polyunsaturated fatty acids by conducting two studies in normal young men, in which monounsaturated fats were replaced by polyunsaturated fats within the guidelines of the American Heart Association step 1 diet. Study A employed a randomized parallel design in which subjects first consumed an average American diet (AAD) containing 37% of calories as fat (saturated fat, 16% calories; monounsaturated fat, 14% calories; and polyunsaturated fat, 7% calories). After 3 weeks, one third of the subjects continued with the AAD, one third switched to a step 1 diet in which total fat calories were reduced to 30% by replacing saturated fat with carbohydrate, and one third switched to a polyunsaturated fat-enriched (Poly) diet with the same 30% fat calories and a reduction of monounsaturated fat from 14% to 8% and an increase of polyunsaturated fat from 7% to 13% of calories. The randomized period lasted 6 weeks. Total and low-density lipoprotein (LDL) cholesterol levels on the step 1 and Poly diets were reduced compared with levels on the AAD (P<.001). Total and LDL cholesterol did not differ between the step 1 and Poly diets, although comparison between the two diets is limited by the small study groups. Serum apolipoprotein (apo) B levels R eduction of dietary intake of saturated fatty acids appears to be the key to reducing plasma total and low-density lipoprotein (LDL) cholesterol (LDL-C) levels, 13 and low-saturated fat diets are the cornerstone of the American Heart Association (AHA)-National Cholesterol Education Program (NCEP) dietary guidelines. 4 While recent surveys indicate that consumption of saturated fatty acids has decreased significantly in the United States, total fat intake has changed little. The lack of a parallel reduction in total fat consumption may result, in part, from the longstanding habits and acquired tastes of the public. The relative constancy in total fat intake may, however, also reflect confusion as to the optimal replacement for calories previously derived from saturated fatty acids.
It is thus of interest that diets high in polyunsaturated fatty acids were shown several decades ago to lower plasma cholesterol levels significantly. 56 The apparent ability of polyunsaturated fatty acids to independently lower total plasma cholesterol levels led physicians and clinical nutritionists to suggest diets high in polyunsaturated fats as a means of reducing risk for coronary heart disease. (The terms "independent" and "direct" are used to denote effects associated with replacement of carbohydrate by a particular class of fatty acids rather than the exchange of one fatty acid class for another.) Those early investigations measured only total plasma cholesterol concentrations, however, and later studies suggested that although polyunsaturated fatty acids could lower total cholesterol and LDL-C, their consumption might be associated with reductions in high-density lipoprotein (HDL) cholesterol (HDL-C) concentrations. 713 Despite several recent studies demonstrating that moderate increases in dietary polyunsaturated fats do not reduce plasma levels of HDL-C, 1419 both the media and lay public remain confused. Adding further uncertainty, some 12 -1516 - 20 but not all 1719 In parallel with the growing uncertainty concerning the efficacy of polyunsaturated fatty acids in lipidaltering diets, some studies in the last decade have suggested that monounsaturated fatty acids could reduce plasma total cholesterol and LDL-C concentrations directly. 12 - 22 In addition, those studies demonstrated that HDL-C levels were unaffected by consumption of monounsaturated fatty acids. These findings were notable in their contrast to the classic studies of Keys et al 1 and Hegsted et al, 2 which indicated that monounsaturated fatty acids affected total cholesterol concentrations only if they were substituted for saturated fatty acids.
Thus, despite a very large literature focused on these issues, the answers to several salient questions remain unclear. The continued uncertainties also derive from the fact that in many studies numerous nutrient parameters were changed simultaneously, that the diets were often very high or very low in total fat, and that the quantities of polyunsaturated fatty acids provided were often well beyond the limits of practical diets. In an attempt to add clarity to this important issue, we conducted studies in which we made modest changes in the amounts of polyunsaturated and monounsaturated fatty acids while keeping the rest of the diet components (total and saturated fat, carbohydrate, and protein) constant. We also chose to design the diets so that they would otherwise fall within the guidelines of an AHA step 1 diet. 4 The results of two such studies, in which polyunsaturated and monounsaturated fatty acids were varied by 6% of total energy intake while total fat and saturated fatty acid intakes were held constant, are reported here.
Methods
Two related studies were performed. Study A used a parallel randomized design to compare a high-saturated fat "average American diet" (AAD) with two diets low in saturated fatty acids but differing in their levels of polyunsaturated and monounsaturated fatty acids. Study B used a randomized crossover design to compare the two low-saturated fat diets directly. In the latter protocol, studies of LDL apolipoprotein (apo) B and HDL apoA-I metabolism were also performed.
Research Subjects

Study A
Thirty normal male medical and dental students 22 through 30 years of age were recruited from an initial population of 250 students with nonfasting plasma levels of total cholesterol between the 25th and 85th percentiles for their age group. 23 None of the men had serious medical problems or were taking any medications that might affect plasma lipid levels. Before being accepted into the study the men were interviewed by the supervising registered dietitians. Potential subjects with excessive ethanol consumption or extreme dietary or exercise habits were excluded. Patterns of physical activity were also ascertained from the interview, and together with each man's height, weight, and dietary history were used to estimate daily caloric requirements. Routine laboratory tests were performed several times during the study to ensure normal health status. The diet study was approved by the Institutional Review Board of Columbia University, and all subjects gave their written consent to participate. The men received no monetary compensation for participation.
Study B
An additional eight normal male medical and dental students were recruited from the same population used for study Fra 1. Diagrams showing the two study designs. A, Study A used a randomized parallel design in which all subjects consumed an average American diet (AAD) for 3 weeks before being randomly assigned for an additional 6 weeks to a continued AAD; to the American Heart Association step 1 diet (STEP 1), in which 7% of calories from saturated fat was replaced by carbohydrate, with monounsaturated and polyunsaturated fats unchanged from AAD; or to a diet (POLY) in which 7% of calories from saturated fat was replaced by carbohydrate and 6% of calories from monounsaturated fat was replaced by polyunsaturated fat. B, Study B used a randomized crossover design in which all subjects were assigned randomly to either the step 1 or the Poly diet for 5 weeks and then switched to the other diet for an additional 5 weeks. There was a 4-day break between the two 5-week periods.
A. All aspects of the recruitment process were identical to those described above. The subjects who participated in the turnover studies received monetary compensation for their time.
Experimental Design
Study A
The study design included two diet periods. During a 3-week control period all the men consumed an AAD. The AAD contained 37% of the total calories as fat, with 16% saturated fatty acids, 14% monounsaturated fatty acids, and 7% polyunsaturated fatty acids. The AAD also contained 500 mg cholesterol/d. The 6-week randomized diet period began after the 3-week control period (Fig 1A) . Plasma cholesterol levels obtained at the end of the baseline period were used to stratify the subjects for randomization to one of three dietary groups.
After randomization, one third of the men (the control group) continued to follow the AAD, one third switched to a typical AHA step 1 diet, and one third switched to a modified step 1 diet in which monounsaturated fatty acids were reduced and polyunsaturated fatty acids were increased (the "Poly" diet). Both the step 1 and Poly diets contained 250 mg cholesterol/d, and 30% of the total calories were consumed as fat. The step 1 diet contained 9% saturated fatty acids, 14% monounsaturated fatty acids, and 7% polyunsaturated fatty acids; the Poly diet contained 9% saturated fatty acids, 8% monounsaturated fatty acids, and 13% polyunsaturated fatty acids. The participants were urged to maintain their usual level of physical activity throughout the study. Only the dietary staff engaged in meal preparation and a single statistician were aware of the group assignments. Two 9-week studies were conducted, one in the spring (n=12) and one in the fall (n=18).
Study B
The study design included two 5-week diet periods (Fig IB) . The diets used were the AHA step 1 diet and the Poly diet from study A. The order in which the men ate the diets was randomly assigned. There was a 4-day break between diets.
Compositional Design and Delivery of Diets Study A
The study diets contained foods prepared from fresh ingredients in accordance with computer-analyzed recipes and menu plans. The nutrient composition of the research diets was determined with NUTRITIONIST HI software, version 3 (N-Squared Computing), with the data base expanded to include data on fatty acid composition from Handbook 8 of the US Department of Agriculture. 24 The composition for each day's meals, including protein, carbohydrate, fat, fatty acid classes, and cholesterol, matched the research protocol for the particular diet. Meals were prepared daily and individual portions were measured on a gram scale. Food samples from each of the three diets were collected and sent to Hazleton Laboratories America for compositional analysis. As in our previous studies, we used a 2-week menu cycle and served a mixed diet consisting of red meat (beef), poultry, fish (canned), dairy products, eggs, fruits, vegetables, a variety of complex carbohydrates, and desserts. 2526 The meals were designed so that the men were unaware of their own dietary group assignments. We served lunches and dinners in the student dining facility. Breakfasts were provided, along with snacks, in individual packages, and given after dinner. The men received all meals and snacks Monday through Friday. Breakfasts and lunches were also provided on weekends, but the men were allowed two self-selected weekend dinners for which they received dietary instruction. The subjects' dietary compliance was checked by recording daily attendance at meals and inspection of trays. The men also completed a self-administered compliance form at each meal. Compliance forms and food records for weekend dinners were monitored by the supervising registered dietitian. On the basis of estimated daily caloric requirements, the men were assigned to one of two different caloric groups (2500 kcal/day or 2800 kcal/day) and were weighed every 2 weeks. Caloric intake was adjusted as necessary to maintain body weight.
Study B
The diet design, preparation, and service were essentially the same as for study A except that all meals and snacks were provided (7 d/wk). Lunches and dinners were eaten in the research diet facility of the Irving Center for Clinical Research. The men were weighed daily and calories adjusted as needed every 2 or 3 days.
Blood Sampling Protocol
Study A Blood samples were obtained for the determination of plasma lipid, lipoprotein, and apolipoprotein levels at 1-week intervals during the control period and at 4, 5, and 6 weeks after the start of the randomized diet period. Fasting samples were obtained between 8 AM and 9 AM after a 12-hour overnight fast. In addition, postprandial samples were obtained just before and at 2, 4, and 6 hours after a standard lunch at the end of the randomized period. Blood samples were drawn into tubes containing EDTA (1.0 mg/mL) for plasma or into empty tubes for serum. The samples were placed immediately on ice and centrifuged at 2000 rpm for 20 minutes at 4°C within 1 hour of sampling. Plasma samples were stored at 4°C after the addition of aprotinin (trasylol, FBA Pharmaceuticals) and azide. Serum samples were stored in multiple aliquots at -70°C.
Study B
Three fasting blood samples were obtained during the final week of each diet period for determination of lipid, lipoprotein, and apolipoprotein levels. In addition, several samples were obtained during the first day of the LDL/HDL turnover studies and daily thereafter for 2 weeks (see below). On the final day of each diet period, the men ingested a standard liquid fat formula (105 gm fat per 2 m 2 body surface), and blood was obtained just before and at 5 and 8 hours after they drank the formula. Blood was processed as described above.
LDL ApoB Turnover Studies
After each man had eaten a diet for 2 weeks, blood was obtained after an overnight fast for isolation of LDL by sequential ultracentrifugation. 27 - 28 The isolated LDL was dialyzed against sterile saline and radiolabeled with 131 I by using a modification of the iodine monochloride method. 29 - 30 The labeled LDL was used within 24 hours. The men were admitted to the Irving Center for Clinical Research the day before the start of the turnover study. A saturated solution of potassium iodide, 3 drops PO BID, was started on admission and continued until 1 week after the end of the blood sampling period. The morning after admission, autologous I3I I-LDL (25 /iCi) was injected, and blood samples were obtained at 0, 2, 4, 6, 12, and 24 hours. The men were discharged from the hospital at that time but continued receiving the study diets as before. Fasting blood samples were obtained daily for the next 14 days (until the end of the study). LDL was isolated by sequential ultracentrifugation from each sample, and 131 I-apoB specific radioactivity was determined by gamma counting and Lowry measurement of protein.
28
HDL ApoA-I Turnover Studies
HDL was isolated by sequential ultracentrifugation after isolation of LDL as described above.
27
- 31 Homologous, pure apoA-I (10 j*g) was radiolabeled with I25 I using a modification of the iodine monochloride method. I apoA-I (100 jiCi) was incubated with each man's HDL overnight at 37°C, and the HDL was then reisolated by ultracentrifugation. Autologous HDL (containing 25 ^iCi of homologous apoA-I) was injected simultaneously with the ' 31 I LDL, and blood samples were obtained as described above. HDL was isolated from each sample by ultracentrifugation, and 125 I-apoA-I specific radioactivity was determined by gamma counting and Lowry measurement of protein. Because questions have been raised regarding the ability of radiolabeled homologous apoA-I to trace the autologous protein, we incorporated it into each subject's own HDL before reisolation of the whole lipoprotein. In addition, the same method was used for each turnover study so that each subject's studies were internally consistent.
Plasma Total and Lipoprotein Lipids
Plasma total cholesterol and triglyceride concentrations were measured after each sampling by enzymatic methods using an ABA-100 automated spectrophotometer (Abbott Laboratories). HDL-C was measured by the same enzymatic method after precipitation of apoB-containing lipoproteins with magnesium and dextran using reagents supplied by Sigma. 32 LDL-C was estimated by using the Lipid Research Clinics method. 33 Our laboratory participates in the quality control program administered by the Centers for Disease Control and Prevention (CDC), Atlanta, Ga. The interassay coefficients of variation were less than 3% for both cholesterol and triglyceride determinations.
Isolation of Plasma Lipoproteins
Very-low-density lipoproteins (VLDLs), intermediate-density lipoproteins (IDLs), LDLs, and HDLs were isolated by sequential ultracentrifugation using a 50.3-Ti rotor in an L8-80 Beckman ultracentrifuge. 27 Cholesterol and triglycer- (9) 8.8 (8) 11.9(13) 310
Step 1 29.8 (30) 55.4 (55)
14.8 (15) 9.5 (9) 13.8 (14) 6.7 (7) 389 AAD indicates average American diet; Poly, modified Step 1 diet with decreased monounsaturated and increased polyunsaturated fatty acids; and Step 1, American Heart Association Step 1 diet. Values are presented as percent of total calories except for cholesterol, and values in parentheses are calculated (see "Methods").
ides were measured in each fraction as described above. Phospholipids were determined by the method of Bartlett, 34 and protein by the method of Lowry et al. 35 HDL Subfractions HDL 2 and HDL) cholesterol levels were determined after isolation of total HDL and HDL, by sequential precipitation of plasma with heparin and manganese. 36 All of these measurements were done at the end of the study using plasma samples that had been frozen at -70°C.
ApoB and ApoA-I
Serum apoB and apoA-I were measured by specific fluidphase radioimmunoassays. 37 Our laboratory participated in the Apolipoprotein Standardization Program administered by the CDC. 38 All samples were assayed using single radioiodinated LDL and apoA-I tracers for serum apoB and apoA-I determinations, respectively. All samples from each individual were analyzed in the same assay for each apolipoprotein. The interassay coefficients of variation were 11% and 8% for apoB and apoA-I, respectively.
Statistical Analysis Study A
For each subject, the value obtained at week 3 of the control period and the value obtained at the end of week 6 of the randomized diet period were used to determine the changes in concentration of total cholesterol, HDL-C, LDL-C, and each apolipoprotein. In the case of plasma triglycerides, the mean values obtained at weeks 4, 5, and 6 of the randomized period were used along with the value at week 3 of the control period. This strategy was chosen because we observed a greater week-to-week variability in plasma triglyceride concentrations. The HDL 2 and HDL, cholesterol levels were also analyzed by comparing the changes in values obtained at the end of the baseline and randomized periods. For each of these variables, the changes in the three groups were compared by ANOVA. If there was a significant (P<.05) diet effect, three group comparisons were made: between the change observed in the step 1 group and the change observed in the control (AAD) group; between the Poly and control groups; and between the step 1 and Poly groups. Since three comparisons were made, the critical probability value for the significance of each comparison was .05/3. Furthermore, because we conducted the study in two time periods, each ANOVA was performed with two fixed factors: diet (at three levels) and season (at two levels). Thus, we controlled for a seasonal effect (if any), although this effect was not our primary interest.
The values for total cholesterol, triglycerides, HDL-C, and LDL-C obtained just before and at 2, 4, and 6 hours after lunch at the end of the randomized periods were used to calculate postprandial areas for each variable. The areas for the three groups were compared by ANOVA, followed when appropriate by individual contrasts as described above.
The percent values for cholesterol, triglyceride, phospholipid, and protein levels were calculated in VLDL, IDL, LDL, and HDL isolated by ultracentrifugation from blood samples obtained fasting, just before lunch, and 4 hours after lunch at the end of the randomized period. The results were analyzed as described for the postprandial areas. These lipoprotein compositional data were obtained only in the subjects randomized to the step 1 diet or the Poly diet.
Study B
All data were first analyzed by ANOVA to test for carryover effects; none were observed. The diets were then directly compared by paired t tests. The kinetic data describing the turnover of plasma LDL apoB and HDL apoA-I were analyzed by using two-compartment models.
28
- 31 Fractional catabolic rates (FCRs) were determined for each apolipoprotein. Total plasma turnover rates were estimated by multiplying the FCRs by the plasma pool of each apolipoprotein (plasma concentration x 0.45).
Results
The results of the diet compositional analyses are compared with our goals for each diet in Table 1 . The same step 1 and Poly diets were used in studies A and B. It is clear that we were able to design and serve diets that met our goal of comparing two diets with different levels of monounsaturated and polyunsaturated fatty acids while holding total fat, saturated fat, and carbohydrates constant.
Study A
The clinical characteristics of the students randomized into each of the three diet groups in study A are depicted in Table 2 . The groups were similar in age and body mass index, and they had similar plasma levels of AAD indicates average American diet; Poly, modified Step 1 diet with decreased monounsaturated and increased polyunsaturated fatty acids; Step 1, American Heart Association Step 1 diet; and BMI, body mass Index. All data are expressed as mean+SD. See "Methods" for a description of study A. total cholesterol and triglycerides, LDL-C, and HDL-C at the time of randomization (based on blood samples obtained at week 3 of the baseline period; Table 3) . Fig 2 shows the effects of each diet on plasma total cholesterol and triglyceride levels. The data are presented as the mean percentage change at each sampling compared with the levels at the end of the baseline period. During the randomized diet period, both the step 1 and Poly diet groups had decreases in plasma cholesterol levels compared with the AAD group. The data suggest that the Poly diet caused a greater initial decline in total cholesterol than the step 1 diet, but by the end of 6 weeks there was no obvious difference between the two groups. Fasting triglycerides were more variable during the baseline period, and the levels of triglycerides tended to rise on all three diets during the randomized period.
The reductions in fasting plasma total cholesterol levels (mean±SD of the change between the end of the randomized period and the end of the baseline period) in both the step 1 group (17.6±11.0 mg/dL; P<.01) and the Poly group (19.3±15.5 mg/dL; P<.001) were significant compared with the slight rise in total cholesterol in the AAD group (4.1 ±14.7 mg/dL) (Fig 3) . These changes were equal to -9.8%, -10.7%, and 2.3% of the values for the baseline period in the step 1, Poly, and control groups, respectively. There was no obvious difference between the responses to the step 1 and Poly diets. The increases in fasting plasma triglyceride concentrations in the step 1 (4.8 ±14.4 mg/dL) and Poly (13.1 ±20.6 mg/dL) groups did not statistically differ from that in the AAD group (8.8±17.5 mg/dL).
Plasma concentrations of LDL-C also fell in both the step 1 (15.7±8.0 mg/dL; P<.001) and Poly (17.7± 11.3 mg/dL; P<.001) groups compared with the control group's increase (3.0±11.9 mg/dL). These reductions were similar in the step 1 and the Poly diet groups (Fig  3) . Plasma concentrations of total HDL-C tended to fall in all three groups during the randomized periods, but these reductions were not significantly different on either the step 1 (2.8±3.1 mg/dL) or the Poly (4.2+5.1 mg/dL) diet compared with the control group (0.7±5.0 mg/dL) (Fig 3) . In addition, the changes in HDL 2 and HDL 3 cholesterol levels, determined by sequential precipitation with heparin manganese, were not different among the three groups (Table 3) .
Concomitant with the fall in fasting serum total cholesterol and LDL-C levels, fasting serum apoB levels also decreased significantly (21.4±11.4 mg/dL; / > <.O1) in the Poly group compared with the control AAD group (Table 4) . ApoB levels in the AAD group were constant (change between the end of baseline and end of randomization, -0.61±11.5 mg/dL). Men eating the step 1 diet tended to have a reduction in apoB levels (11.2±11.1 mg/dL; P=.O51) compared with the control group. The lack of effect of either diet on plasma HDL-C levels was paralleled by the absence of effect of either the step 1 or the Poly diet on serum apoA-I levels compared with the control AAD group (Table 4) .
The postprandial areas of total plasma triglycerides and cholesterol, LDL-C, and HDL-C, determined from the levels just before and 2, 4, and 6 hours after ingestion of a representative lunch, are depicted in and HDL-C did not differ among the groups. In contrast, the area for triglyceride above baseline (prelunch value) was significantly greater (/><.O5) in the Poly group than in either of the other groups. The mean percent composition of cholesterol, triglyceride, phospholipid, and protein in VLDL, IDL, LDL, and HDL isolated by ultracentrifugation at the end of randomized periods is presented in Table 5 . We performed these measurements only in the Poly and step 1 groups. The data are for fasting samples, for samples obtained just before lunch, and for samples taken 4 hours after a lunch representative of each diet. We did not separate chylomicrons or their remnants from VLDL in the postprandial samples. As expected, all lipoproteins became relatively triglyceride enriched during the day as the subjects consumed dietary fat. There were no differences between the step 1 group and the Poly group in the composition of any of these lipoproteins at each time point.
Study B
The ages of the eight students recruited for the crossover design study averaged 24. 2). The group was very similar to the larger group of subjects recruited for study A.
There were no obvious differences between the mean plasma levels of total cholesterol, triglycerides, LDL-C, or HDL-C measured at the end of each diet (Table 6) . Similarly, serum levels of apoB and apoA-I did not differ between the step 1 and Poly diets. Triglyceride levels obtained over an 8-hour period after the ingestion of a standard liquid fat formula were the same at the end of each diet as well.
There was no discernible effect of diet on the fractional catabolism of either LDL or HDL. The mean LDL apoB FCRs were 0.34+0.08 pool/d on the Poly diet and 0.33+0.08 pool/d on the step 1 diet. The mean HDL apoA-I FCRs were 0.23±0.05 pool/d on the Poly diet and 0.22±0.06 pool/d on the step 1 diet. The concomitant lack of change in either serum apoB or apoA-I levels resulted in very similar total turnover rates for these apolipoproteins as well (Table 6 ).
Discussion
Historically, research that focused on the effects of dietary polyunsaturated fatty acids on plasma lipid and lipoprotein concentrations has yielded contradictory and confounding results. The early work of Ahrens et al 5 -6 indicating that increasing polyunsaturated fatty acids in the diet would lower plasma total cholesterol levels directly (when substituted for carbohydrate) was supported by the systematic studies of Keys et al 1 and Hegsted et al. 2 The regression equations describing the effects of dietary fatty acids on plasma cholesterol levels generated by their studies included negative coefficients of 1.31 and 1.65, respectively, for the effects of polyunsaturated fats. These equations, however, did not allow 
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Apo indicates apolipoprotein; AAD, average American diet; Poly, modified Step 1 diet with decreased monounsaturated and increased polyunsaturated fatty acids; and Step 1, American Heart Association Step 1 diet. All values are mean±SD. See "Methods" for description of study A.
*P< .01 for the change in apoB in the Poly diet group between the randomized and baseline periods compared with the change in the AAD between the same two periods.
estimates of the individual effects of polyunsaturated fats on plasma LDL-C and HDL-C concentrations, and several studies published in the last 15 years have suggested that part of the reduction in total cholesterol observed with high polyunsaturated fat intake was the result of reductions in HDL-C. 7 - 13 Although more recent studies have not demonstrated reduced HDL-C levels during consumption of dietary polyunsaturated fatty acids, 1419 resolution of questions related to the efficacy of polyunsaturated fats has been made more difficult by the fact that some of these same studies have also been unable to show that polyunsaturates directly lower LDL-C concentrations.
12 ' 15 ' 16 -20 Based on these contradictory data, we initiated two studies to address the question of the relative efficacies of low-saturated fat diets in which polyunsaturated or I 1 AAD (n-10) EZ2 SLpI (n-7)
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TC LDL HDL FIQ 4 . Bar graph comparing the areas under the plasma concentrations of triglycerides (TG) and total (TC), low-density lipoprotein (LDL), and high-density lipoprotein (HDL) cholesterol after study A subjects had eaten a lunch typical of each of the three diets. The areas were calculated from the changes at 2, 4, and 6 hours after lunch compared with prelunch levels. Postlunch TG levels were significantly greater in the Poly group (P<.05) than in either the average American diet (AAD) or the American Heart Association step 1 (Stepl) groups (see "Methods" for definitions of diet groups). There was no difference in postlunch TGs between the AAD and step 1 diets, and postlunch total, LDL, and HDL cholesterol levels did not differ in the three diet groups.
monounsaturated fatty acids predominated. We chose to use moderate levels of each fatty acid within the overall context of the recommended AHA step 1 diet. 4 We used a randomized parallel design to compare each of our experimental diets with the AAD, and a randomized crossover design to compare the two diets directly.
We also performed studies of LDL and HDL metabolism during the crossover study. Our findings indicated that in healthy normolipidemic young men, changing the source of 7% of calories from saturated fat to carbohydrate was associated with similar, significant reductions of total plasma cholesterol and LDL-C levels whether monounsaturated or polyunsaturated fatty acids predominated. In addition, we found that our Poly diet, with 13% of calories derived from polyunsaturated fat, did not affect plasma HDL-C levels compared with either a step 1 diet, with 7% of calories from polyunsaturates, or the AAD. Increasing dietary polyunsaturates from 7% to 13% of calories had no effect on HDL 2 or HDL3 cholesterol or plasma apoA-I levels.
Based on the studies of Keys et al 1 and Hegsted et al, 2 we would have predicted that the Poly diet would affect plasma cholesterol concentrations via two mechanisms. The first significant factor would be the reduction of saturated fat (exchanged with carbohydrate), and the second would be the increase in the amount of polyunsaturated fat (exchanged with monounsaturated fat). Using their equations, however, we could account completely for the reductions in total cholesterol that we observed by using the regression coefficients for the exchange between saturated fat and carbohydrate (2.74 and 2.16, respectively) and assuming that polyunsaturated fatty acids were neutral. Our results are similar to those of Mattson and Grundy, 39 who report that very large quantities of both polyunsaturated fats (primarily linoleic acid) and monounsaturated fats (primarily oleic acid) reduced total cholesterol and LDL-C concentrations to similar extents when exchanged with saturated fats. Our findings are also in accord with reports from Mensink and Katan 15 and Dreon et al, 16 whose experimental diets, in which polyunsaturated and monounsaturated fats were exchanged, were very similar to ours.
In contrast, Rassias et al 21 reported that the addition of linoleic acid to an average diet (in exchange for carbohydrate) results in a significant drop in plasma total cholesterol and LDL-C levels despite an increase in total fat content of the diet. The contribution of Poly indicates modified Step 1 diet with decreased monounsaturated and increased polyunsaturated fatty acids; Step 1, American Heart Association Step 1 diet; VLDL, very-low-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; HDL, high-density lipoprotein; and chol, cholesterol. All data are given as percent total composition. See "Methods" for a description of study A.
polyunsaturated fatty acids to total calories in that study, however, increased from 6% to 23%, making direct comparison with our results difficult. Further support for a direct LDL-lowering effect of polyunsaturates can be found, however, in the recent meta-analysis by Mensink and Katan, 3 in which they included the results of 27 trials with data for lipoprotein cholesterol Poly indicates modified Step 1 diet with decreased monounsaturated and increased polyunsaturated fatty acids; Step 1, American Heart Association Step 1 diet; chol, cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; apo, apolipoprotein; PPTG area, area under the postprandial triglyceride curve; and FCR, fractional catabolic rate. See "Methods" for a description of study B. All values are expressed as mean±SD of eight subjects, except for LDL apoB FCR and PR, which are based on seven subjects.
concentrations. Their regression equation for LDL-C contains a statistically significant, negative coefficient of .55 for polyunsaturated fatty acids when they are used to replace carbohydrate as a source of calories. Finally, Hegsted et al 40 analyzed the results of 155 metabolic studies in which lipoproteins were reported. These investigators found that LDL-C fell 0.77 mg/dL for every 1% increase in calories from polyunsaturated fats. In contrast, in both of these recent meta-analyses, monounsaturated fatty acids were found to have no significant LDL-C-lowering effect when used as a replacement for carbohydrate.
Why did we not see an effect of replacing monounsaturates by polyunsaturates on LDL-C? The regression equations derived by Mensink and Katan 3 and Hegsted et al 40 indicate that we might have expected that our Poly diet, in which we increased polyunsaturated fatty acids at the expense of monounsaturated fatty acids, would lower LDL-C about 3 to 5 mg/dL more than the step 1 diet. We would have needed approximately 80 to 100 subjects in each group in our parallel-design study to determine that difference between the two diets, and we would have needed more than 50 subjects to accurately assess a difference of 3 to 5 mg/dL between the diets in our crossover-design protocol. Clearly, our studies were too small to observe any such difference between the two groups; we could only demonstrate significant differences between each low-saturated fat diet and our AAD. We would note, however, that the turnover studies conducted in our crossover protocol suggested that fractional catabolism of LDL apoB was essentially identical on the two diets, as were serum apoB levels. In summary, meta-analyses lowering effect while monounsaturated fatty acids are neutral. Although our data, limited by sample size, do not contradict those findings, they indicate that adding modest quantities of polyunsaturated fatty acids to replace monounsaturates in an otherwise low-saturated fat diet is unlikely to result in clinically important reductions in LDL-C concentrations.
A review of the literature regarding the effects of polyunsaturated fats on HDL levels is confusing. Mensink and Katan 3 derive positive regression coefficients for all fatty acid classes (compared with carbohydrates) regarding their effects on HDL-C levels. This means that reductions in dietary fat from any fatty acid class results in lower HDL-C levels. As the regression coefficient for polyunsaturated fatty acids was the least positive, isocaloric replacement of saturated or monounsaturated fatty acids by polyunsaturated fatty acids should result in lower HDL-C concentrations. However, the coefficients for polyunsaturated (.28) and monounsaturated (.34) fats were close, so that a 1% isocaloric exchange of polyunsaturates for monounsaturates would be predicted to reduce HDL-C by 0.06 mg/dL. 3 For our diets, the prediction would be that HDL-C would be about 0.4 mg/dL lower on the Poly diet than on the step 1 diet: more than 200 subjects would be required, even with a crossover design, to see such a change. We actually found a somewhat larger, but clearly insignificant difference between the HDL-C levels on these two diets in the parallel study and essentially identical levels in the crossover-design study. The lack of any dramatic effect of increasing dietary poryunsaturated fat intake on HDL metabolism was supported by similar apoA-I levels in either study and by our inability to discern significant diet effects on HDL apoA-I turnover in the crossover protocol. Despite limitations imposed by sample size, our results, together with studies of similar size and design,
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- 20 support the view that modest increases in dietary polyunsaturated fatty acids will have minimal effects on plasma concentrations and metabolism of HDL. Of course, different results might be demonstrated in other study populations, including women and older men.
Finally, in an attempt to look beyond fasting plasma lipid and lipoprotein levels for effects of diets with different quantities of polyunsaturated and monounsaturated fatty acids, we determined lipid levels both after the subjects ate a standard step 1 or Poly lunch (study A) and after they ingested a standard high-fat liquid formula (study B). Although we saw the expected effects of both the standard lunch and the fat formula on plasma and lipoproteins lipids, there was little difference between the two diets. The only significant diet effect was a greater postlunch plasma triglyceride response on the Poly diet in study A. This may have been related to the greater fasting triglyceride level that was unexpectedly observed in the Poly group. On the other hand, this may have been a random occurrence among the many statistical contrasts that we conducted. In support of the latter view, we found that the Poly diet was associated with a nonsignificantly smaller triglyceride response to the fat formula in study B. In addition, fasting triglycerides in study B were insignificantly lower when the students ate the Poly diet.
There have been few diet studies in which postprandial lipid and lipoprotein levels have been determined, and most of those have focused on w-3 fatty acids. 4143 Weintraub et al 44 show that a diet high in w-6 polyunsaturated fatty acids is associated with a low incremental triglyceride response to a fat-formula feeding compared with the response during consumption of a highsaturated fat diet. Although the fat formula they used was similar to ours, the diets differed significantly. In the study by Weintraub et al 44 the saturated fat and polyunsaturated fat diets differed drastically in their saturated fat (28% versus 13% total calories) and polyunsaturated fat (2% versus 17%) contents. Thus, their study cannot be compared with ours, in which saturated fat was held constant, and monounsaturated and polyunsaturated fat levels were altered modestly. Similarly, the study by Demacker et al, 45 in which lower 24-hour lipid and lipoprotein levels were observed during consumption of a high-polyunsaturated fat diet, differs from ours in both saturated and polyunsaturated fatty acid content. Thus, in contrast to other data in the literature confounded by reciprocal changes in saturated and polyunsaturated fats, our data suggested that neither polyunsaturated nor monounsaturated fatty acids affect the metabolism of postprandial lipoproteins when saturated fat and carbohydrates are held constant.
In conclusion, our studies indicated that within the overall guidelines for total and saturated fat intake proposed by the NCEP, 4 a moderate, reciprocal change in monounsaturated and polyunsaturated fatty acid content has no clinically significant effect on plasma lipid and lipoprotein levels or metabolism in young healthy men. In particular, we could not demonstrate that increasing the polyunsaturated fat content of the diet (at the expense of monounsaturated fat) affected either LDL-C or HDL-C levels or metabolism. If, as suggested by this and other studies, 1520 these two fatty acid classes are relatively equivalent as replacements for saturated fats in many individuals, producers can more easily provide and consumers can prepare diets that will reduce the risk of coronary heart disease.
